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Abstract 
As a teaching-learning approach, a solar concentrator for water heating was studied in the alternative energy course 
with Pre-college level students in the Chapingo Autonomous University, that is, those students completing the 
requirement course in order to be admitted into college. This study allows one to understand the way that the 
manufacturing of a solar heater improves the learning process linked to physics concepts through worksheets. The 
growing interest in clean energies makes it necessary to understand the functioning of alternative energy systems like 
the thermal solar energy. Didactic exploration improves the learning process, linked to the physics concepts, when 
worksheets were used in the physics lab and a multimedia system. The multimedia allows teaching physics concepts 
with pictures, videos, texts and computer animations. This approach has been designed in four stages. The first stage 
defines the theoretical framework of the proposal called "investigation teaching". The second describes the didactic 
model, which consists of three kinds of worksheets: conceptual, phenomenological and experimental formal. The 
third stage includes the discussion on the data collected and how the manufacture of a solar heater improves the 
physics learning process among pre-college students. Finally, the last stage shows how information incorporated on a 
multimedia could be useful to study physics concepts using the solar water heater. 
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1. Introduction 
The growing interest in clean energy and more specifically, harnessing solar radiation, has led us to 
teach pre-college level students at the UACh the design, operation, manufacturing, characterization and 
evaluation of a Concentrating Solar Collector for heating water [1]. This experience "Explorative-
Integrative Teaching" on thermal solar energy comprises the design, the use of different materials, its 
manufacture, operation, characterization and evaluation over the concept of energy and its transformation. 
Thus, through exploring and entering data (A); the gathering of learning methods (B) The 
identification of different conceptions and representations (C); The exploration and integration of the 
concepts and methodologies with three kinds of worksheets: conceptual, phenomenological and 
experimental (D); the cooperative work in the prototype manufacture (E), The understanding of their 
practical application in various uses (F), and developing a teaching strategy of solar and physical 
phenomena occurring in the solar heater,  aid in the learning in different contexts, in relation to  Science, 
Technology and Society (G), figure 1. 
 
Fig. 1. Teaching for understanding; didactic exploration in the integration of physics concepts with a solar heater. 
2. General Objective 
x To develop a teaching proposal in the UACh, for students to become conscious and thus reduce the 
consumption of fossil fuels and greenhouse gases. At the same time, promote autonomy from 
traditional power generation, resulting in healthy habits and improved quality of life, as well as 
developing sustainable models of agriculture and technological independence. 
 M.J. Torres et al. /  Energy Procedia  57 ( 2014 )  975 – 981 977
x 2.1. Specific Objective 
x 2.1.1. To develop a didactic guide on the study of phenomena related to Solar Energy. 
x 2.1.2. To characterize, evaluate and study prototypes in the context of the study of energy and its 
transformation into useful heat. 
x 2.1.3.To validate the didactic proposal and its usefulness in the teaching and learning of physics. 
x 2.1.4. To contribute to the awareness of the benefits in the appropriate use of the solar energy with a 
design of solar prototype of agricultural-industrial application. 
3. Elements of theoretical framework 
x To teach physics by exploring, documenting learning difficulties, identifying previous knowledge, 
looking into alternative schemes or using worksheets and including cooperative work, requires a new 
educational approach where many problems of physics are analyzed from a cognitive and 
epistemological origin rather than from pedagogical instructions [2]. Through an exploratory 
research, using qualitative and non-experimental data collection techniques such as paper and pencil 
tests, comprehensive assessments (diagnostic, formative, summative and alternative) among others, 
as well as applying exploratory techniques for obtaining information, is action research which is part 
of the practice portion of the teaching of Physics at Chapingo. 
 
x To facilitate the process in the research and ensure the success of the proposal, we present the basic 
theoretical elements considered in the development of the exploration of the solar thermal energy. 
Considering the rapid changes occurring in societies and particularly in academia, besides a spiral of 
changes in learning and educational technologies for the study of physics and in particular the needs 
of solar energy use, it is necessary to look at the learning theories, epistemological proposals on the 




Fig. 2. Elements of the theoretical framework. 
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4. Methodology 
Examining the understanding of solar energy physics by developing prototypes and simultaneously, 
identifying needs of energy use in a sustainable approach, involves creating links with the concepts of 
physics with its direct application. 
Thus, a new educational approach is necessary that may identify and analyze problems of 
technological and conceptual development from its manufacturing. And hence devise ways to clear up the 
cognitive situations around learning, and understanding the phenomena involved like: heat transfer, mass 
and energy balances, no imaging optics, solar radiations, greenhouse effect, thermic siphon effect and 
solar capture, etc. [3] figure 3. 
To assist the progress of this project and ensure its success, the basic theoretical elements considered 
in the development of prototypes that make use of Solar Energy, are presented here. 
It is necessary to understand that the physics involved in the subject of Solar Energy is possible 
through a proposed exploratory, a research directed towards the development of a prototype like: 
 
 
Fig. 3.Physical phenomena involved in the concentration a flat solar collector for water heating. 
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4.1. Solar Water Heater 
The project will develop and evaluate a solar water heater that uses CPC (Compound Parabolic 
Concentrator) [4], related to the concepts of physics through the worksheets that were designed 
previously. The growing interest in clean energy requires an understanding in the functioning of 
alternative energy systems such as solar energy. Our instrument for collecting information for the 
research draws on the central idea of the exploratory analysis model, in which the exploratory chips are 
part of the proposal, and described below. 
The exploration of the learning process related to the concepts of physics, during the development of the 
project in each worksheet contains six elements: 1) The Problem, 2) The situation 3) The Experimentation 
4) The prediction, 5) The Comparison, and 6) The Conclusion, [5], Figure 4. 
For our research, exploratory analyses from the worksheets provide what ideas and what categories relate 
to the phenomena, and at what time and which context these are used; what alternatives and meanings are 
given to them in the narration of an experience or event. In terms of the general physics course 
organization, we have found that student learning is improved when the students are actively involved in 
the use of activities guided by worksheets [6]. 
This is referred to as the theoretical-experimental experiences and physical phenomena seen during the 
course of Physics of alternative energies. 
 
Fig. 4. Elements of theoretical framework. 
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5. Result and discussion 
The students participating in the study are between 17-19 years old, with a percentage of 50% female and 
50% male. 25 students participated in manufacturing the prototype. Four solar heaters were 
manufactured: from dimensioning, assembly and characterization. 20 integrative exploratory activities 
were applied in order to study physical concepts involved in the operation of the solar heater [7]. 
The Integrative exploratory worksheets were analyzed with rubrics of control and these were assessed on 
the understanding of the concepts of energy and its transformation. In addition, one guide was developed 
with these documents to get a boost effect on the awareness of renewable energy used among the actors 
involved (students, teachers and administrators). 
The proposal of "The learning by understanding" was evaluated and the model was compared to the 
traditional academic peer, figure 5. The approach showed during the different stages of the research 
development the strengthening of a cooperative, academic teacher group supporting the development of 
prototypes for teaching physics, which was very important in order to integrate a learning community. 
The multimedia material was developed to provide a useful a resource in the manufacture of the solar 
heater and also to study the physical concepts involved in the operation. It contains videos, photographs, 
tests, questionnaires, readings, instructions, links, feedback activities, exploratory integrative worksheets 
and other resources that are going to be incorporated [8]. 
 
Fig. 5. The didactic approach: learning with understanding. 
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6. Conclusions 
1. With a mixed research, quantitative as well as qualitative, it is possible to assess not only the 
effect of the manufacture of a prototype but also the proposal of -exploratory-integrative learning 
to the Physics topics over a solar heater. 
 
2. The results, compared by means of an analysis of the information gathered, were provided by the 
worksheets applied in order to evaluate the proposal. 
 
3. The research can promote the development of a collaborative environment for learning physics 
at the precollege level and once the information is reviewed and analyzed, decisions can be made 
based on the proposal of learning for understanding. 
 
4. The manufacturing of a prototype with educational applications enriches the study of Physics 
concepts, considering that the application in context means a higher level of comprehension. 
 
5. Finally, the different communication media (videos, photos, texts, animations and tests 
feedback) help the construction and transformation of conceptual representations that are 
necessary in the Physics teaching-learning process. 
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